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BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 



APPLICANT: 
SERIAL NO: 
FILED: 
FOR: 

EXAMINER: 



Warran B. Lineton 
10/643,097 
August 18,2003 

METHOD OF FABRICATING PTFE MATERIAL 
Sang W. An 



Board of Patent Appeals and Interferences 
United States Patent and Trademark Office 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 July 21, 2006 

Sir: 

APPEAL BRIEF 

This brief is submitted in support of the Notice of Appeal of the Final Rejection filed 
September 1, 2005. 

(I) REAL PARTY IN INTEREST 

This application is assigned to Federal-Mogul Worldwide, Inc which is wholly owned 
by Federal-Mogul Corporation. 

(ID RELATED APPEALS AND INTERFERENCES 

An appeal brief was filed on December 1, 2005, which received no action. The 
examiner withdrew the final rejection upon which the appeal brief was based and issued 
another non-final rejection dated February 23, 2006, thus, providing the issues in dispute for 
this appeal. 

(Ill) STATUS OF CLAIMS 

All claims 1-9 are presently rejected and on appeal. 
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av> STATUS OF AMENDMENTS 

An after-final response was filed on August 5, 2005 and was acted upon by the 
examiner in an advisory action dated August 24, 2005. The after-final response and the 
examiner's advisory action set forth opposing views with respect to the merits of the final 
rejection, and thus, an appeal brief was filed on December 1, 2005, which received no action. 
The examiner has since withdrawn the final rejection and issued another non-final rejection 
dated February 23, 2006, thus, providing the issues in dispute for this appeal. 

(V) SUMMARY OF CLAIMED SUBJECT MATTER 

This invention relates to a method of fabricating polytetrafluorethylene (PTFE) 
material. There are two independent claims drawn to the inventive method, namely claims 1 
and 8, and dependent claims 2-7, and 9, respectively (Exhibit A shows all claims in their 
present, unmarked form). 

Claim 1 calls for a mixture of PTFE resin powder and a susceptor material to be 
prepared. The mixture is fed into a compaction zone to at least partially compact and shape 
the mixture. A continuous flow of the mixture is fed from the compaction zone to a heating 
zone where the mixture is heated and sintered by exciting the susceptor material by 
application of wave energy. 

Claim 2, which is dependant upon independent Claim 1 , calls for drawing a vacuum 
on the mixture within the heating zone to extract air from the mixture. 

Claim 8 calls for the preparation of a mixture of PTFE resin powder and a susceptor 
material. The mixture is compacted and then sintered by exciting the susceptor material with 
microwave energy. 

Claim 9, which is dependant upon independent Claim 8, calls for drawing a vacuum 
on the mixture during the sintering to extract air from the mixture. 

Referring to the Figures and specification, preparation of the mixture is discussed in 
paragraph 16 and is generally indicated at 12. Feeding the mixture into a compaction zone is 
discussed in paragraph 17 and is generally indicated at 14. Providing a continuous flow of 
the mixture from the compaction zone to a heating zone is discussed in paragraphs 18-20 and 
is generally indicated at 24. The heating and sintering by exciting the susceptor material via 
microwave energy is also discussed in paragraphs 18-20. The drawing of a vacuum is 
discussed in paragraph 19 and is generally indicated at 28. 

CVD GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1 . Whether claims 1 and 5-8 are unpatentable as being anticipated under 35 USC 



102(b) by Adams et. al. 

2. Whether claims 1 and 5-8 are unpatentable as being obvious under 35 USC 
103(a) over Adams et. al. in view of Encyclopedia of Polymer Science and Technology (vol. 
5, pgs. 7-8). 

3. Whether claims 2-4 and 9 are unpatentable as being obvious under 35 USC 
103(a) over Adams et. al. in view of Eucker et. al.. 

4. Whether claims 2-4 and 9 are unpatentable as being obvious under 35 USC 
103(a) over Adams et. al. in view of Encyclopedia of Polymer Science and Technology (vol. 
5, pgs. 1-23) and further in view of Eucker et. al.. 

CVm ARGUMENT 

It is the appellant's position that the examiner has failed to establish a proper prima 
facia rejection of the appealed claims and that the rejections should be reversed by this Board. 
Rejection of Claims 1 and 5-8 under 35 USC 102(a) over Adams et. al. 

Claim 1 

Claim 1 , as summarized above in Section V, calls for the PTFE resin powder to be 
mixed with a susceptor material and then fed into a compaction zone to at least partially 
compact and shape the mixture after which the mixture is fed continuously from the 
compaction zone to a heating zone where the mixture is heated and sintered by exciting the 
susceptor material through application of wave energy. 

The examiner cites Adams et al (Exhibit B) as anticipating claims 1, and 5-8, thereby 
requiring Adams et al to disclose all the aforementioned claimed steps. To reach the 
conclusion that Adams et al inherently teaches preparing a mixture of PTFE resin powder and 
a susceptor material, the examiner looks to the Encyclopedia of Polymer Science and 
Technology, (vol. 5, pgs. 7-8, Exhibit C), referred to hereafter as Encyclopedia, of which, 
pages 1-23 are incorporated by reference into Adams et al at Col. 4, lines 56-59. The 
examiner appears to go out on a tenuous, rather non-existent, limb to conclude that the 
Encyclopedia discloses the addition of high-loss material, such as carbon black, in low-loss 
material, such as PTFE, to increase the overall loss factor of the mixture and thereby make it 
suitable for dielectric heating. Upon close inspection of the Encyclopedia, it is applicant's 
position that this is not at all inherent, nor is it even suggested as being possible to reach the 
examiner's conclusion. To the contrary, the Encyclopedia states that it is not possible to 
dielectrically heat PTFE using current state of the art equipment (pg. 8, last sentence of the 
first full paragraph). 
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On pages 7-8 of the Encyclopedia, the only pages stated as being relevant during a 
phone conversation held on May 18, 2006 with the Examiner, Table 2 shows a listing of 
various materials with their associated "loss index" and corresponding "response to dielectric 
heating." It is noteworthy that of the materials listed, PTFE has by far the lowest "loss 
index", thus, making it the most highly improbable material listed to be dielectrically heated. 
It is also noteworthy to point out that the stated "loss index" of PTFE is 0.0004, and thus, is 
more than two orders of magnitude less than that disclosed as being "acceptable" in Adams et 
al. In Adams et al., starting at Column 4, line 14, it is disclosed that the starting material have 
a sufficiently high "loss factor", also being referred to as "loss index" in the Encyclopedia, to 
be effectively heated with dielectric heat. In preferred embodiments, the starting materials 
are selected from polymers or polymer compositions having loss factors above about 0.08, 
and preferably above 0.2. The examiner somehow reaches the conclusion that the 
Encyclopedia discloses PTFE as being able to attain this significantly increased level of loss 
factor? The Encyclopedia clearly shows ranges of relative ease of dielectric heating, wherein 
loss indexes of 0.2 or more result in good heatability; 0.08-0.2 as fairly good heatability; 
0.01-0.08 as poor heatability; and under 0.01 as little or no response. It further shows that 
PTFE has no response to dielectric heating . 

To overcome all of what is expressly stated in the Encyclopedia regarding PTFE and 
its inability to be heated dielectrically, the examiner looks to the second fiill paragraph on 
page 8 of the Encyclopedia. There, it states that techniques are available for heating some 
materials with low loss indexes. It further states that these materials show a rise in loss index 
high enough to make the material susceptible to dielectric heating. With this, the examiner 
selects the material having the lowest loss factor, PTFE, and leaps to the conclusion that it is 
one of the materials capable of achieving a rise in loss index sufficient enough to allow it to 
be dielectrically heated, and within the stated range of 0.08-0.2, or more preferably having a 
range above 0.2, as disclosed in Adams et al. Outside of arriving at this conclusion, the 
examiner does not provide any support or justification for making such a grand leap. As 
such, it is respectfully submitted that the examiner has misinterpreted the disclosure of 
Adams et al and the Encyclopedia, and thus has reached an improper ground for rejection of 
claim 1. 

Claims 5-7 

Claims 5-7 are ultimately dependant upon base claim 1, and thus, are believed to 
define patentable subject matter for at least the same reasons. 
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Claim 8 

Claim 8, as summarized above in Section V, calls for the PTFE resin powder to be 
mixed with a susceptor material and then compacted and sintered by exciting the susceptor 
material through application of microwave energy. 

There is no teaching or suggestion within the Adams et al reference to arrive at the 
claimed method of fabricating PTFE material as claimed in claim 8. Accordingly, for at least 
the same reasons stated above in support of claim 1 , applicant believes that claim 8 defines 
patentable subject matter. 

Accordingly, for at least these reasons, applicant respectfully request that this Board 
reverse the decision of the examiner with respect to the rejection of claims 1 and 5-8. 

Rejection of Claims 1 and 5-8 under 35 USC 103(a) over Adams et. aL in view of 
Encyclopedia of Polymer Science and Technology (vol. 5. pgs. 7-8) 
Claim 1 

Claim 1 is stated above, and has been rejected as being unpatentable over Adams et al 
in view of the Encyclopedia. In this rejection, the examiner concedes that Adams et al does 
not explicitly disclose preparing a mixture of PTFE resin powder and susceptor material. As 
such, the examiner looks to the Encyclopedia to suggest that it discloses preparation of such a 
mixture. The examiner states that the Encyclopedia discloses addition of high-loss material 
such as carbon black in low-loss material such as PTFE in order to increase the overall loss 
factor of the mixture and thereby make it suitable for dielectric heating. As discussed above, 
applicant contends that this is a syllogism without merit. The only statement in the 
Encyclopedia is that some materials with low loss indexes show a rise in loss index high 
enough to make the material susceptible to dielectric heating. This certainly is not 
conclusive, let alone suggestive that the material having the lowest loss factor, PTFE, is one 
of these materials. To suggest otherwise is nothing short of flattery using improper hindsight 
of the applicant's disclosure. 

Claims 5-7 

Claims 5-7 are ultimately dependant upon base claim 1, and thus, are believed to 
define patentable subject matter for at least the same reasons. 
Claim 8 

There is no teaching, suggestion or motivation to arrive at applicant's claimed method 
of claim 8 in view of the Adams et al and/or the Encyclopedia reference, whether considered 

5 



separately or in combination with one another. To state that there is uses improper hindsight. 
Accordingly, for at least the same reasons stated above in support of claim 1 5 applicant 
believes that claim 8 defines patentable subject matter. 

Accordingly, for at least these reasons, applicant respectfully contends that the 
examiner has failed to establish a prima facie case of obviousness, and thus, respectfully 
request that this Board reverse the decision of the examiner with respect to the rejection of 
claims 1 and 5-8. 

Rejection of Claims 2-4 and 9 under 35 USC 103(a) over Adams et. al. in view of Eucker 
et. al. 

Claims 2 and 9 

Claims 2 and 9 depend from Claims 1 and 8, respectively, and further include drawing 
a vacuum on the mixture within the heating zone and sintering step, respectively, to extract 
air from the mixture. For the same reasons stated above in support of independent Claims 1 
and 8, applicant contends that this rejection is improper. It is noteworthy that the examiner 
concedes that Adams et al fails to teach the step of drawing a vacuum on the mixture within 
the heating zone to extract air from the mixture. Therefore, to circumvent this lack of 
teaching, the examiner proposes to modify Adams et al with the teachings of Eucker et al 
(Exhibit D). To do so, the examiner directs our attention to column 2, lines 63-67 in Eucker 
et al. This attempt falls short in that there is no such teaching in this section, or any other 
section of Eucker et al to include a step of drawing a vacuum on a mixture while it is within 
the heating zone to extract air from the mixture, as taught by applicant. Rather, the disclosure 
of Eucker et al teaches drawing a vacuum during a billet forming step, and again thereafter 
during an extrusion step, as discussed in column 6, lines 1-7, and column 6, lines 40-47, and 
also as shown in Figures 1 and 21 . The heating zone or sintering zone in Euker et al, 
identified by reference number 24, does not include a vacuum drawing step. 

In addition to the failure to provide a teaching, suggestion or motivation to modify 
Adams et al to include a vacuum drawing step on the material within a heating or during a 
sintering step, the examiner fails to consider what affect a vacuum could have on the ability 
of the process taught by Adams to produce a material that is porous, as stated in the title and 
throughout Adams et al. It seems that a vacuum could cause the voids in the material, 
deemed as desirous in Adams et al, to collapse or at least have a negative effect on 
developing porosity. If so, it would seem reasonable that one skilled in the art would be lead 
away from using a vacuum within the heating zone or during the sintering step, as taught by 
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applicant. 

Claims 3 and 4 

Claims 3 and 4 are ultimately dependant upon base claim 1 , and thus, are believed to 
define patentable subject matter for at'least the same reasons. 

Accordingly, for at least these reasons, applicant respectfully suggests that the 
examiner has failed to establish a prima facie case of obviousness, and thus, respectfully 
request that this Board reverse the decision of the examiner with respect to the rejection of 
claims 2-4 and 9. 

(VIII) CLAIMS APPENDIX 

See Exhibit A. 

(IX) EVIDENCE APPENDIX 

None. 

(X) RELATED PROCEEDINGS APPENDIX 

None. 

(XI) CITED REFERENCES APPENDIX 

Claims (Exhibit A) 
Adams et al (Exhibit B) 

Encyclopedia of Polymer Science and Technology, Vol. 5 (Exhibit C) 
Eucker et al (Exhibit D) 

It is believed that all claims on appeal clearly are allowable over the prior art of 
record. Accordingly, reversal of the final rejection and the allowance of all claims on appeal 
are requested. 

Respectfully submitted, 
Warran B. Lineton 
By his attorney, 

Registration No. 49,090' 

John D. Wright 

Dickinson Wright, PLLC 

38525 Woodward Avenue, STE 2000 

Bloomfield Hills, MI 48304-5092 

(248)-433-7390 

kmc v - 
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1 . A method of fabricating PTFE material comprising: 

preparing a mixture of PTFE resin powder and a susceptor material; 
feeding the mixture into a compaction zone to at least partially compact and shape 
the mixture; and 

providing a continuous flow of the mixture from the compaction zone to a heating 
zone and heating and sintering the mixture within the heating zone by exciting the 
susceptor material by application of wave energy. 

2. The method of claim 1 including drawing a vacuum on the mixture within the 
heating zone to extract air from the mixture. 

3. The method of claim 2 wherein the heating zone has an initial stage for preheating 
and finishing compaction of the mixture prior to sintering the mixture. 

4. The method of claim 2 including passing the sintered mixture through a cooling 
zone following the heating zone. 

5. The method of claim 1 including cutting the PTFE material while the mixture is at 
a temperature below a sintering temperature within the heating zone but above ambient 
temperature. 

6. The method of claim 1 wherein the mixture is compacted into a generally tubular 
form. 

7. The method of claim 1 wherein the mixture is heated by microwave energy. 

8. A method of fabricating a PTFE material, comprising: 
preparing a mixture of PTFE resin powder and a susceptor material; 
compacting the mixture; and 

sintering the mixture by exciting the susceptor material with microwave energy. 

9. The method of claim 8 including drawing a vacuum on the mixture during the 
sintering step to extract air from the mixture. 
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DIAZOALKANES. fiec I?OLYA MC YLTT>EN KK 

DICARBOXYLIC ACIDS AND DERIVATIVES. See Acids, auuic 
and fumaiuc; Acms anj> dwuvativkh, aliphatic; Acids and derivatives, 

AROMATIC 

DTCIIROTSM. Sec Optica I. ROTATOltV DISPERSION' 
DIG I JMYL PEROX J DE. See Pkroxy compounds 
DIELECTRIC HEATING 

Electric currents, radio waves, infrared rays, and light are familiar examples of 
different electromagnetic phenomena. When electromagnetic energy comes in contact 
with matter (solid, liquid, or gas), it k partly or completely converted to heat energy; 
for example, an electric current may heat the wire through, which it flows; infrared 
radiation may he used to cook food or bake paint; and laser beams may melt holes in 
metals. Electromagnetic energy at radio-frequencies can he used efficiently to heat 
maiiy materials, including some which conduct electric currents very poorly or not at 
all. 

The latter arc of the class of materials called dielectrics; the heating process is 
termed dielectric heating. More generally, a dielectric .material may be defined as one 
in which it is possible to store electrical energy by the application of an electric field; 
the energy is recoverable when the Held is removed (see also Elkctrical imiofertmcs). 
Dielectric materials are usually very poor heat conductors. To heat such substances 
throughout their volume is very difficult with processes that apply the heat to the 
surface only, Electromagnetic energy in the radio-frequency (R.F) range, on the 
other hand, can act below the surface of a .dielectric material and heat all parts of the 
volume simultaneously, with substantially greater speed and uniformity of heating 
than with conventional methods. Other advantages of dielectric heating are that it 
ran be turned on arid off instantaneously; it is efficient and thus does not throw off a 
great deal of wasted heat; it can be precisely and accurately controlled with reasonably 
simple devices; it can heat selected sections of a part, leaving the remaining material 
cool Dielectric heating equipment is easy to operate, is basically long-lived, and 
requires little maintenance. 

Dielectric heating was used as early as 18S0 by a physician, Dr. W. J, Morton (1), 
but its significance was first reported by d'Arsouval in 1890 and Tesla in 1891. By 
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1900, il was in practical use by doctors (who later named it diaUuim.y) for treating 
parts of a patient's body well below the skirt surface, with highly beneficial effects. 
Substantial industrial use did not start until World War II. Techniques were needed 
and quickly developed for setting resin glues in wood products, for preheating thermo- 
setting plasties tor molding; for welding vinyl materials, and for welding glass pipe 
(see WelwncO (2). After the war, its use increased rapidly in many fields. Dielectric 
heating is employed when simple heating is required, as in water removal from wood 
products (3), textiles, and foam rubber; freeze drying of food (4..*>) : thawing 0 r 
frozen foods (ft); and softening piratic materials for forming. It provides heat for 
chemical reactions: preheating thermosetting compounds for molding (7); setting 
resins impregnated hi paper products (8); curing vinyl and polyurcthau foam; curing 
resin glue in wood and paper products; and starting exothermic reactions in thermo- 
setting resins being extruded continuously. It is also used in. combination with 
mechanical processes for forming or welding plasties and plasti^impregnuted or 
coated materials. 

Kor dielectric heating, two ranges of -radio-frequencies are used; For most proc- 
esses, a frequency somewhere in the 1-200 megacycles per second (Aic/see) range, 
usually called hiyh-freifumci/ or radio-frequency tooting; for a small hut increasing 
amount of work, frequencies above 890 Me/sec, called microwave healing. The funda- 
mental relationship for electromagnetic waves, 

frequency (Me/see) X 10* X wavelength (m) = 3 X 10 s (velocity of light) (I) 

indicates decreasing wavelength for increasing frequency. The wavelength for [10 
Me/see is 10 m, commonly used for "high-frcquenny" heating. The wavelength for 
1000 Mc/seti is 0-1 m, which is considered short for a radio wave, orxd is therefore 
called a "microwave." 

In high-frequency heating, the material to be heated is usually placed between two 
electrodes. When high-frequency energy is applied to the electrodes, the material 
between the electrodes is heated fairly uniformly throughout its volume, in micro- 
wave heating, the energy is applied by lium* or vtavegvides, and its effect decreases to 
a negligibly low value at some point below the surface, the depth of the penetration 
depending on the frequency and on the material heing heated. 

Theory 

Dielectric heating, at any frequency, is the result of the interaction of electro- 
magnetic energy with the various components in the atomic and molecular structure. 
An alternating electric field causes oscillatory displacements in the charged components 
of the dielectric, the energy for the motion heing absorbed from the electric field. 
The charges carried by the oscillating components may be either permanent or induced. 
Each component resonates with the electrical field at a particular frequency that 
depends on its charge, mass, aud structure. In gases and some liquids, this resonance 
phenomenon occurs at sharply defined frequencies, but in most solids it is spread over 
a broad range. All charged component* undergo some oscillatory displacement at low 
frequencies, the motion becoming much greater at the resonance frequency or frequency 
range, and ceasing above it. In the ranges of resonance frequencies, considerably 
greater heating takes place than outside these regions. 

In macroscopic terms, the dielectric material behaves in the following manner. 
When an alternating voltage is applied to a dielectric, a current (called a duylwmimt 
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cwrenl) flows through it, (uuising energy Lo be stored in the dielectric. The amount of 
current flowing, and the amount of energy stored, depend on the voltage, the fre- 
quency, the electrode configuration, and the chemical and physical structures of the 
dielectric material. The chemical structure determined Lo a large extent the dielectric 
covManl, t', of the material, a property defined as the ratio of the capacitance of a 
material in a given electrode configuration to the capacitance of the same electrode 
configuration with a vacuum as (he dielectric. Tts value for any material decreases 
with increasing frequency, showing decreasing response to the electric field. 




Applied voltage 

Fig. 1. KeprcseuUilion of current, components in an iuipcrfeci didccLrui. / rftpreseins cli&pkuxsmBnt 
(inrrent,; 7 C| charging current; /„, effective heating current; loss uiirLc; 0, phase angle. 

Tn the case of a perfect, or lossless, dielectric, the displacement current leads the 
voltage by a Leiu])oral phase angle, 0> of 90°. For an imperfect, or "lossy," dielectric, 
the phase angle is less than 90°. The angle by which it differs from 90° is called 5, the 
Loss aiigk; its tangent, tan 5 t called the loss Um#erU t or dissipation factor, indicates 
directly the fraction of the stored energy which is converted into heal; by the dielectric. 
The cosine of the phase angle 9 is known as the power factor, and its value is approxi- 
mately the same as that of the loss tangent for small loss angles, .such as are charac- 
teristic of the usual materials heated diclectrically. 

Kor calculations involving dielectrics, the displacement current can be resolved 
into two components, the charging currmit and the effective heating current I*. I c 
leads the applied voltage by 90°, and is in phase with the applied voltage (Fig. 1). 
The ratio IJI C represents the loss tangent, or dissipation factor, tan 5. The charging 
and the effective heating currents may he visualized as flowing iii the branches of a 
simple circuit, consisting of a "perfect" capacitor in parallel with a pure resistor (Fig. 2). 

In the simplest form of dielectric heating, the material to bo heated is placed 
between two metal plates. A generator applies to the plates a high-frequency voltage 
that sets up an electric field in and around the material. The material absorbs energy 
at a rate given by equation 2 (0), 



P - 0.555/EV tan 6 X 10" c 



(2) 
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frequency, cps 

, .,,.Uigc fiwnmncy oa clcelrircd properties of formaldehyde mains: (A) m<*1- 
iMniiif formaldehyde resin, wood- flour filled and phisliiiisiKd; (B) fiiclaiiiine-foriiialdehyde ream wil-h 
mineral fillur; (C) cr&ul formaldehyde ntsin with ot-eolluloKi: filler; (D) ine.Uuuim; formaldehyde 
resin with a-cellulose filler (li). 



The maximum value oF voltage that cau be used is limited l>y the voltage break- 
down characteristics of the malarial, by its surroundings, and hy electrode construction. 
Breakdown, may occur inside, the material, or in the space between the electrodes 
outside the material, damaging or destroying the material and melting holes in the 
electrodes. The breakdown is usually an arc of electrons or ions which concentrates 
\ the power of the high-frequency generator into a path of very small cross {section. 

Arcing problems are. reduced by ruruful electrode design and construction: The 
0 vinyl electrodes should be designed so that as much a* possible of the volfaigc applied to the 

Conceal electrodes is developed in the mal:cri:d being heated, and they should be made with 

hemicul rounded edges and corners wherever possible because sharp edges and points concen- 

trate the voltage stresses and are the first places breakdown occurs. Jt, would appear 
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Temperature, *C 

Fig, 5. Kffwst of temperature nn diwlod-rii; militant and dissipation roetoruf phenol ■ fcirmaliluliydc 
renins (lluiimix 10900, Monnwiio) (Uiif. 10, p. 409). 
Table Typical DleW.lxic ConstunU and l-oss Tangcnia of S everal Materials" 

Frequently, Mc/mr. 



Material 




1 


10 


100 


3000 


phenol-fumialduhyde L-esi n. 
57 *C 




1.0 
0.O4H 


4.65 
0.047 


a. 5 

0.048 


4. In 
0.053 


polyamidti (iiyloii-0,0), 
25°C 


r' 

tun (5 


. y«i 
0.030 


11.34 
0 024 


3.10 
0.021 


:Ufl 
0.013 


polyester, 2;j a C 


c' 

Luji £ 


3 . U 

o.oiao 


3.04 
O.OU'iO 


2. 9S 
0.0160 


2. So 
0.0100 


polytfl trafluoroevhy 1 en e, 
22°C 


r' 

tan 6 


2.1 


2.1 

less than 00002. 


*J. 1 


2.1 

0.000 10 










ice, - 12 °C 


e' 

Lill d 


4.15 
0.12 


o . 7 




o.oooy 




van 


7S.3 
0. 04U 


0.0046 


78.0 

u.oOfk) 


70.7 
0.15711 



■ Values derived from von ITippttl. 



Vol, 5 



Diclar.tric Iftsating 7 



.00015 
.0000 



Unit the frequency used should be as hi^h as possible so that the lowest voltage can be 
employed, but there arc limitations with this too. At higher fruqiicncies the generating 
equipment is more costly, and il is iucruasingly difficult to deliver the power from the 
generator to the material with good orrinicney and control. It also becomes increasingly 
difficult to maintain uniform voltage distribution over the entire mass of the materia). 

The case with which any material may be dietatrically heated is determined by 
its dielectric constant and its loss tangent. Values of these factors for several typical 
materials are given in Table 1 (10), for different frequencies. Notice that t' falls with 
rising frequency, except for polytetrafiuoroetliylene; the sharper the drop, the higher 
will be the loss tangent. Coincident with the higher loss tangent shown for water at 
3000 Mc/sec, there is a sharp decrease in the dielectric constant, not shown in the tabic, 
Polytetrarluoroethylenc shows no change in and the loss tangent is, as anticipated, 
exceptionally low. Changes in dielectric constant and dissipation factor over ranges of 
frequency and temperature are shown in Kigurea 3 -5 for some other materials, 

The product, e / X tan 5, also called the Ions index (or lasx factor), e", shows most 
conveniently the combined effect of the two factors. Tabic 2 lists this product for 
many materials, and indicates the relative ease of heating. Loss indexes of 0.2 or 

Table 2, Kclutivc Response of Various Materials to Dielectric ITeatiug u 



Typical 



Response 



Material l«ss index Good Fair Poor Nonc r 



ABS polymers 0.025 * X 

acetal copolymer 0.025 * X 

cellulose acetate 0.15 X 

diallyl phUudate polymer, Rla-sa-filled 0.04 * x 

epoxy resins 0.12 X 
mciumine-forrnnldchyde resin, cellulose 

filler 0.2 X 

phenol-formaldehyde resin, wood-flour 

ill ( iiUcr 0.2 X 

,lild ' ih >' de ' polyamidc 0.16 X 

polycarbonate 0.03 * X 

-u<l* n > poly KhhirotrifluoroeLliy !f!i w 0.1)25 X 

polyester O.Ofi * X 

' polyethylene 0.0008 X 

,UUU polyimide 0.013 X 

—3 % > polymethylmethacrylate) 0.00 X 

^ polypropylene (I. (10.1 X 

polystyrene 0.001 X 

ttt polytetrafluorocthylone (Teflon) 0.0004 X 

0i:j polyurcLhan foftm X 

poly urethaur vinyl film X 

.0100 poly( vinyl chloride), flexible, filled ft. 4 X 

1 rubber, compounded ■. 0>13 X 

rubber, bevca 0.015 X 

1 silicones 0.000 ♦ X 

urea, -formaldehyde resin 0.2 X 

water 1.) . 4 x 



. ir>7u "Information derived from referents 12 and 33 mid fmm the dielectric healing experience of the 

wither; ( X) hcatahility in the 20 to 30 Me/sec, raiif?e; (*) rcspiuiMe of the materials in Iho 70 to 100 

Me/acr ranpre. 
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more result in good hoatability; 0.08 0.2, fairly good hcatability; 0.01- O.0K. poor 

hcatability; and under 0 01 the™ » ut ' tle or no "»P ou,,e - Thc lowcr thfi loss 1 , 
the hifiher must be the voltngo and frequency tu obtain the required heating rate; for 
a material with a very low loss index, the required heating voltage at economically 
attainable frequencies is higher than the breakdown voltage 

Two calculations using equation 2 should demonstrate this. A typical application, 
to w«ld two square inches of two O.005-in. Chick films of ,>oly (vinyl chlor.de) (flexible, 
filled) requires about 1000 W, which is 3050 VV/cc. A reasonable voltage to use is 
500 V across the double lhir.knr.sa of film, or 19,700 V/ciu. Hy using a loss index of 0.4, 
from Tabic 2, the frequency is computed to be 35,4 Mo/see. Equipment w leadjiy 
available to deliver this voltage and frequency. For the same power input to a pely- 
tetrafluorocthvlene load of the same size, the frequency required is 35,400 Me/ ec, 
2!w mS loss index of polytctrafluoroothylene is 0.0004.' Since equipment at th« • 
fr^eney is beyond the current state of thc art, polyte.tralluoroethylene may there- 
fore not be dielectrically heated at present. i, ... 

There are however, techniques available for heating some materials with low lou, 
index" " Many of these materials show a rise, in loss index with nsuig temperature, 
^uxiiary heating mean^radiant heat, hot ah or 

thc temperature can be raised to the. point at which the loss indm is high enough to 
mil the material susceptible to dielectric heating, A similar result may be achieved 

materia heats and transfers its heat to the low-loss load. Another approach ,s to 
%tZ£^£SL with the low-loss material to raise the loss factor to a suitable 
ESl BoZ espies of such additive, are carbon black in rubber, sodium cldonde in 
^-•formaldehyde glue, for wood, and polyvinyl chloride) in polyurethaii foam-th, 
Z^Z X leases the susceptibility of the foam to dielectric heating but makes n, 
S bondable to poly(vmyl chloride) sheet. Since the Cher may -afreet the 
lijS-Kii of thc base material, the type and thc amount 
a<hled are limited by the changes that can be tolerated. 

Equipment 

Hieh-frequency and microwave heating equipment usually has five major sections : 
the ^Sv. the high-frequency generating system, the high-frequency trans- 
% control sy*U and the work applicator fixture The sections 

r a eon led in one or more cabinets, depending on the application. The powe 
Z y s Sot lily contains transformers, rectifiers, and -itch gear wh.ch convert 
1 e usual power-line energy (eg, 440 V, 3-phnse, 00 cycles u> h.gh-vo.tage dc enc gy 
S i MO 20 000 V. The high-voltage dc is fed to the h.gh-frequency, or osc llaloi, 
St ion which usually consists of a single high-power electrons tube (vacuum tnode, 

t ode cte with associated high-frequency circuits. In microwave equipment the 
gelling e rcuit, are usually an integral part, of the tube eal ed a magnete ; 
gencrawufe . ^ external circuits, or "cavities. iho high- 

S^stor alternately in the capacitor and in the in uctor-m the cipaciter 
a. Sir field, and in the inductor in the magnetic held of the current flowing ,n 
Itau < Current flowing in the inductor charges the capacitor to one polarity: 
wl^n h Mullv charged the current stops flowing and then begins ho* mg m the op- 
^M^iMrU the inductor to charge the capacitor fully m the opposite 
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Tif*. B. Dielectric healing system with uunvuyur bell. 

being heated; the power level can bo adjusted by changing the height of tin* sap. 
It also shows a conveyor thai, can be used to cany material? between the plates on u 
continuous or intermittent basis. The- conveyor belt must be made of a material 
that will not react with the load or be affected dclctcrioiwly by the electrode, field or 
heat. The belt might be a low-loaa material such as silicone rubber, or glass fiber, or it 
might be a good conductor such as stainless steel. 

The control section turns the power on and off; it may be used to sot components 
in the other sections to adjust the power level to the requirements of the process, 
Meters are usually provided to indicate, the electrical performance of the power tube. 
Protective relays are incorporated where needed to turn the machine off in the case of 
component failure or overheating, or other improper operation. For process control, 
direct temperature measurements by conventional thermocouple techniques are not 
used because the thermocouple seriously distorts the heating pattern. Instead, the 
heating rate is sensed indirectly, but quite accurately, by a de meter indicating the 
power supply current, or by electrode voltage measurement, or both. In. batch 
processes the total heat input is controlled by wetting the power controls and turning 
the power on for a fixed time interval. Automatic controls are available to adjust the 
power level to a programed set of current, or voltage values. 

Although direct temperature measurement is not usually feasible, properties of 
the material (which change with the temperature) may be monitored for process control. 
For example, the de resistance of the heating material can easily be measured; the 
resistance may vary widely with changing temperature, and so may be used to regulate 
the power level lor temperature control. The resistance level usually drops precipi- 
tately just before electrical breakdown (arc-over) occurs, and is very low after arc-over. 
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Fig, 9. Schematic reprweiiittl-iMti <>f iiuituwuvu healing system. 
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Fi?x. 10. At'Jiui^niflni. IY>r didiiHrir hciUiiifi willi microwuvtw usin^ waveguide*. 
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Kip, 11. Pambolir waveguide for he.nt ing with microwaves. 

Detection circuits are available to sense this change and to turn off the high-frequency 
power with such rapidity that the electrodes will be virtually unmarked (although the 
load itself may be damaged). Other devices that measure the proximity of the work to 
an arcing condition can limit the occurrence of arcs. This is a necessity where the 
electrodes are expensively machined members which must provide very precise 
mechanical pressures to the load. Another method of protection against arc-over 
makes use of the "radio noise" generated by an arc. A. "noise" detector probe is 
placed near, but not necessarily in physical contact with, the electrodes and material; 
the probe circuits will turn off" the power when are-over occurs. 

Although its power supply and control sections arc similar to those of high- 
frequency generators, microwave equipment appears? simpler because no high-fre- 
quency circuits are apparent. The microwaves are generated within the magnetron 
tube structure, aided by an external magnet. From the magnetron, power is fed to the 
applicator. For bulk processing,^ horn arrangement "sprays" the waves into a cavity 
that holds the load. The cavity is an integral part of the electrical circuit and its 
design must take into account the frequency and load characteristics. Energy not 
absorbed immediately by the load is reflected to the load by the metal walls, improving 
the heat distribution. Figure 9 shows this arrangement schematically. The non- 
conducting shelf above the bottom allows some energy to be reflected to the underside 
of the load. The energy distribution in the cavity is not uniform and is referred to as 
a standing field. A slowly rotating fan or "stirrer" also helps heat the load more 
evenly. Microwaves can be transmitted through hollow round or rectangular pipes 
called "waveguides." Products can be heated by placing them in the waveguides. 
Thin films can be run through the waveguides by slotting as in Figure 10. The mag- 
netron will burn out if the equipment is operated without a load; a safety device is 
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therefore required— it is usually a "dummy" load (shown schematically in Figure 10) 
arranged to absorb some power when the normal load is absent. By running :i film 
through several waveguides in succession, reasonable efficiencies can be attained. A 
waveguide, ran he lwminHl«J in a paraliolie horn lo .spread On- energy over :i " icl. r 
area, for healing thin Mlm or bulk products (Kig. 1 1). 

Formally applications, standardized wpupmontisavailn.bl(::LS complete processing 
packages Some applications are so specialised that equipment must- be .specially 
dUigncd-the equipment- manufacturer may build the entire machine, or. he may 
furnish the generator, which the user will then connect, to an electrode system o his 
men ennmruclion. Utah-frequency generators are available in a wide range ot output 




n „ V K 40-kW generator. Ufpn Mfis hiRMroquen^ generate* Hccuonj at n*h , lOppor 

I. U.wer for forcwHir «H>U..g of power taihe. Owntwy Iuiratron. 

power ratings, from about SO W up to many hundred, of kilowatts, dp to 5 lor 3 kW 
n t e obtain ed at up to 200 or MOO Mc/sec; 25 kW at 100 Me/sec and 100 kW at 
' ' 40 Me arc J> available, though the operating frequency 

II, ** tnd for higher powered unite. Microwave generators can be had at 900 o. J5CX 
Mete V h 5 mi up to 2o kW. For continuous-flow process, generators and 
eSSe items' can be set alongside each other to meet larger power requuemcnt^ 
llow^er t is extremely difficult u> make more than one generator operate on one 
e Let or '«v S ten Batch process therefore require a single K e»era,or of large crunch 
cSSy'to -pply the entire heat retirement. Figure 12 shows the. ms.de of a40-kW 
gen orator. 
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Applica Lions 

Preheating. The simplest application of dielectric heating ia for preheating 
materials for compression or transfer molding; preheating i« not only desirable but 
necessary in soine eases (scki iVJ.oloi.vc), Preforms or powder of phenolic, urea, 
melamine, or alkyd resins, polyesters (including glass tihcir-rcmforued materials), aJiyl 
polymers, and others are heated to .about 250 to 325-°F, iu lf> to (iO sen. The rapid, 
thorough heating reduces mold pressure requirements by at lon.st 50% and cuts cycle, 
Limcw Ifi to 85% below the values needed whon no preheating is used. Substantially 
higher product quality frequently results; rejects are fewer and mold life is increased 
(7). 

Proheatcrs operate in the 20-100 Me/ sec range, present practice leaning toward 
the top end of Una range for greater heating speed, especially for lower-loss materials. 
They are available in many 5i7.es, as manually loaded unite (Fig. 7), or with mechanised 
material-loading equipment for automatic operation (Fig. 13). Power output require- 
ments are figured at 1 kW to heat one-third to two-thirds of a pound of material to 
molding temperature in 1 min. Preheaters are also used for moisture removal from 
plastic and wood products; a typical large special-purpose equipment is shown in 
Figure 14. For such applications power requirements can be estimated closely by 
standard thermal calculations, talcing into juiccnmt such factors specific heat, heat 
of vaporization, and heat losses. Use of a prcheatcr for defrosting large rubber bale:-; 
is shown, in Figure 15. 

Dielectric preheaters are now being used in casting (qv), potting, and curing oC 
epoxy resins, polyesters, polyurcthans, and vinyl plastisols (see Vinyl dispersions). 
in a typical process, an epoxy resin -hardener system for casting is heated in about 30 
sec from room temperature to just below its curing temperature, and then poured into 
a heated steel mold. The filled mold is then heated for 30 min in a conventional oven, 
which gels the casting; sufficiently to permit removal from the mold for posteuro. 
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Fit?. l:t. PrehcaLcr uqiiifipsd with hopper and feed mechanism and vrilli 7.;>-kW out put. for auto- 
matic: heating of powdered materials. Courtesy W. T. LnlloHfi & Agguciatcs. Jnc. 
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Because the time the mold would remain in the oven without dielectric preheating « 
about 1 5 to 2 hr, preheating results in greatly increased productivity for the. mold., 
which may h« complicated and costly. Other benefits of tins process arc more uniform 



t~ v Unit for nwluiiilini: S**«k« of fiberfioartl pim«lfi prior to prowing into hardbourtl. 

r XL r L iS t fi£S ' "n. ml continuous duty. ElOCtrod* i* W-f»»"'* «" 

L(,Uipment luted at ZOO KW mil* Qbout ^ ^ ^ ^ t() dly 




n. IS l >i<toric Wi,, P equipm«.a with 30-kW output being >.s«n for dotro»i»« a*Ub 
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heating, greater freedom from air bubble*, fewer thermal degradation problems, and 
less restriction on mold design (14). 

Foam Curing. An arrangement for minus of vinyl foam by dielectric hwit is 
sketched in. Figure 16. Uufoamcd vinyl compound is poured into a 4 X # ft tray 
consisting of an aluminum bnsc with silictono-glftss fiber-lamiiutto sidcts. (This is si 
rigid low-cleetrie&l-loss dielectric msLtnrial, ueeded to contain the foam without dis- 
torting the high-frequency field, and without itself being deleteriously affected by the 
field or the thermal conditions in the oven.) Several of the trays are staked in an 
oven, each tray under its own electrode, ttecause the liquid, vinyl resin is only a frac- 
tion of an inch thick, it cannot he heated efficiently with the electrodes spaced for the 
full-foamed thickness of about (> or 8 in. However, it is thin enough to bo heated 
rather uniformly by the gas-heal <k) hot. air that is circulated around the trays. The 
hot air provides sufficient hent for complete foaming of the liquid, hut this heat is 
totally inadequate to cure the full thickness of the foam iti any reasonable time without 
.serious degradation of the outside of the slab. Dielectric heating provides the ideal 
solution to this problem.. While the hot air circulation is maiutained around the trays, 
the dielectric heater is turned on for about 10 20 iiiin, giving an extremely uniform 
cure throughout the 8*in. slab, Dielectric heating could also be used in the foaming 
stage. The electrode would be placed close to the surface of I he unfoamed material, 



rdhnard. 
ucut on 
d to dry 



Aluminum electrode 

Silicone- 
f glass fiber 




Vinyl loan/ 
Aluminum electrode 

Fi*r. ^(). Arrangement Tor curing vinyl foiim by dielectric heat. 
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iind m0 vcd up » foaming presses. The. voltage might be varied simultaneously 
for quickest, hating- See also matkuiaW. critical. 

Drying ' in drying ^ ^ ^ material being 

dried. As the wet material .h f-^J^J^ ^ " * to absorb 

iibs0 rptio„ in the ^ « jSSfcd"^ thoroughly throughout its 

energy at a h.gh rate, fhc ma m * uvu y v C0Ils idcrably above the 

volume before the temperature of any o the *™J , d ^^formity, 

boiling point. For bulk * W aT^ement for healing a 

but it is also useful for thin maternal*. I' igim. L Jjo . * L hic pftpBr 

tun web of maurial that ha, , SU of metal, such 

niter development and nnsmg. The el ec tic dt> low • prater. The 

as stainless steel, which are connect ed to ^Tip bX n the electrodes, causing 
dashed linos indicate how the elect™ field is set up «^ee 
what is generally called «lray-fiM ^'^^^tSZ^ be moved for 
between the electrodes. ^^^^^t£Xiod« dries first, the 
best heat T^s^is bribfE tested in papermaking 

entire paper is dry m less ttianlO ^ 1 lus | jmeilts with a 30-kW unit have been 
as a possible replacement for drum dryers J^™^ ^ fo , operati(m in regular 
so successful that two 150-kW 8«^S^^i^»^ respects: more 

production. Di^^f^SSTu^S^ I*** 8 - 
cvea moisture di stribution , bcrte £ rfjoa J^J^J^ (!quipme , t . ( >f equivalent 
The dielectric dryer requu-e-s far le^ space * ^tbin Teflon -glass fiber belt cau 
production capacity (15,16). to J^^Jffi neld acts through the belt with 

little diminution. This jiiangemem * Drying. 
backs of books P^^^^^^aySdappheatioa, m which a 
Wood Gluing- Figure J8 fihovfe toOtMT _ > H ^ ^ ^ m0S( 

panel of wood is glued to a wood Mo*. Iht k» . ^ gUie 

of the heat is developed in the glue -i^l ^ge on the wood is slightly 
lino is somewhat removed from the «f s ^^^^tou B h insulating members 
hig bor than on ita S^*+*»* ™ 

to attain a good bond. Figure. 19 ^Xc; thick a«d several feet long, aresqueesod 
several inches wide, from 0 5 to ^ in a processing time of 30 

between electrodes. Wood dabs 4. * ™ ^£ Power requirement, 

six — • ° w ,c wwcb is - 
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Fi£. 19. Ed^t! bonding of wood by dielectric heal. 




Fig, 20. Fap«r honcj'mmb Core frluer, expaudtxl-stjiclc hydraulic. pr?.**, ami 4<>-kW generator 
iiutnnuiLic^aUy Hqueczu and cure jrlues, nud Bjeot finished compressed honeycomb. ttmrtesy .b'aru- 
trou. 

absorption of heat by the wood from the glue. IL is generally estimated that I kW 
wiJi set about 50 to 200 in.* of glue Hue in \ mm. 

In a process similar to edge bonding, kraft paper she«U are eompnsased and glued 
into a stuck. When l;he glue is cured, the stack is expanded to nmke honeycomb coir 
slock, to b(. ; used for later humiliation to sheet luaterijiis Ui produce strong, rigid, 
lightweight. panels. Figure 20 shows a 40-kW stack-bluing iJwkrlrir. Ur.alv.v am! prcs* 
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unit, and an expanded stack. A 2(X)-lb stack, 10.8 X 18 X 24 in., can be slued up in 
7 toiii on this machine;, with conventional heating, a curing limn of about 24 hr would 
be required. See also Laminates. 

Scaling. Dielectric healing frequently presents a problem of heal flow in 
reverse to that usually encountered. Although the load is heated uniformly, its 
exterior is cooler; its outside faces lose heat to the atmosphere and to Liu; elcetrodes, 
or bell, or oilier mechanism that may be in contact with it. In Home, ease*, this heat 




Ki«. 22. CJoiiftnd-piirpuae dielectric IWm scaiur, vttii pneuuialiuiilly opcmlctl press mounted on a 
iO-k\Y\ 30-Mii/siM: RemsniLnr. CourUiny This Tlmrmntron Company. 
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Kig. 23. Automatic tiiftlettric wzn\*r. A web of irmldiiiK i* fed between tvu w«bg of vinyl 
(ihn through a 75-ton prc&i, whirh .-seiils ihc three, wfclfci in :i quilling patient. A Ho-kW, 30-Mc/aec 
geiiemlor (not shown) \n n*e.d. Production ml<: is 21 seab/min. Court tM.v The Thcrmatroxi CJorn- 
pjiny. 

loss aids the process, and in others it must be? compensated for. The welding, ov 
scaling, process shown in Figure 21 il.lu8lrat.os both effects, Two pieces of O.004-in. 
thick vinyl film arc? to be sealed together. A metallic electrode, usually of brass, 
perhaps 1/lG-hi. thick and several feet long, squeezes the film against the steel bed- 
plate of a pneumatically operated press?. High-frequency voltage is applied, causing 
the plastic to heat and melt.. The brass and steel do not get hot. under the influence of 
the high-frequency energy. Since they arc in. ultimate contact with the vinyl film 
and since the film is very thin, they absorb a good deal of the heat generated in the 
plastic. To compensate for the loss, several times more heat must be developed in the 
film than would be needed for melting it. However, after the plastic is melted and 
the power is turned off, the cool metal electrodes rapidly rcfreeze the plastic. Without 
refreezing under pressure, a poor bond would result. Au additional advantage is that 
the outer surfaces of the film can be kept below the melting point, and so maintain their 
original characteristics. A manually loaded plastic film sealer is pictured in Figure 22, 
and an automatic machine in Figure! 28. Total cycle time (heating and cooling) for 
these equipments can be a fraction of a second or several seconds, depending on the 
application. See also Welding. 

Vinyl (ihn and sheet are sealed by high- frequency heating to form a great variety 
of products, from wallets to swimming pools. Fabrics of cotton, nylon, glass fiber, or 
other materials, coated or impregnated with heat-sealable materials such as plastieizcd 
polyvinyl chloride) or polyurethan, are sealed to form products requiring greater 
strength than can be obtained from the unsupported filmfc. A striking example to 
see is the "air-house," an inflatable Structure which typically can be constructed to 
provide a shelter RO ft wide, 30 ft high, and hundreds of feet long, and is made almost 
entirely of dieicc trie/ally sealed polyvinyl chloride)- coated nylon fabric; kept inflated 
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electric equipment is generally higher in cost. However, high-frequency units are 
more efficient as energy converters, putting into the load 50 to 70% of the power-line 
input, and, unlike ovens, no preheating of the equipment is needed (microwave 
equipment is far lens efficient). Electric power costs will therefore he less than for 
other type* of electric heating; the high efficiency nan make it competitive with fossil- 
fuel heating in some cases. There are other cost factors to be considered: Plant 
space requirements arc low. both for equipment and materials — other treatment 
methods may use more; < pace-consuming equipment and may require space for materials 
to "cure" or "set" or ,, 'tfmw ,, \for hours or day.?, In sonic* eases plant capacity can. be 
multiplied without space increase by substitution of dielectric heaters for Jess efficient 
fossil-fuel ovens, The high efficiency allows the equipment to run coo); it is com- 
fortable to work near and means of removing excess heat are not required. Equipment 
costs run from approximately SiOOO/kW for very small units and to about S250/kW. 
for the highest powered machines. The electrodes and materials-handling devices 
may be inexpensive, or, for complicated processes, they may cost more than the 
generating equipment itself. Maintenance costs for dielectric* heaters are minimal, 
usually much lower than for other heat sources. Although the dielectric heating 
machine has unfamiliar high-frequency circuitry, its control and power circuits arc 
relatively unsophisticated ; maintenance and trouble-shooting can usually be done by 
plant electricians or mechanics who have had a little instruction from the equipment 
manufacturer. Generator parts replacement costs for high-frequency units are 
around l-2fi/hr/kW of output power, and about 2- 3e' for microwave equipments. 
Most electrode systems rarely need service or replacement. 

Safety 

The dielectric heater can radiate energy which might interfere with aircraft 
communications, television, or other radio services. To minimize interference, allow- 
able radiation limits and methods of measurement are specified by the Federal Com- 
munications Commission's Rules and Regulations, Part 1.8, for Industrial, Scientific, 
and Medical Equipment, Compliance with these rules is required for operation of 
equipment in the United States. These rules permit unlimited radiation on certain 
very narrow frequency bands, or limited radiation on any other frequency. Equip- 
ment for operation on an. assigned frequency band requires high-stability circuits for 
frequency control, and must be designed to prevent radiation of energy at all other 
frequencies generated internally because all dielectric heaters simultaneously generate 
their operating frequency and its harmonics, This type of equipment permits use of 
electrodes unencumbered by shielding, allowing easy access for material handling. 
However, there are disadvantages: it is more expensive and much larger than Uu- 
Atabilizcd units; adjustment and maintenance are less simple; in many instances, the 
allowable frequencies do not fit the needs of the process. Not much stabilized equip- 
ment is used in the. United States; however, it is used widely in Kuropc. 

For operation outside the assigned bands, radiation is limited by shielding or 
screening the generating equipment and the electrodes. The shielding may be an 
integral part of the equipment, or it may be a screened room in which one or more un- 
shielded units are operated. The self-shielded equipment- has access doors or hoods for 
loading materials; for continuous processes, materials are fed through radiation- 
limiting tunnels to the electrodes. The self-shielding devices reduce accessibility for 
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DIELECTRIC PROPERTIES. Sec Electrical pkoi-khtucs 
DIELS-ALDER POLYMERIZATION 

la the search for new polymers .and different polymerization reactions many well- 
known organic reactions used for the. synthesis of small molecules have bno.ii investi- 
gated as means to build up large molecules. Ideally, the reaction .should involve 
stable, easily purified com pounds and .should give essentially quantitative yields with- 
out side reactions. Whereas few reactions meet all of these requirements, there are 
many which are suitable and which only recently have been applied to the synthesis of 
high-moleeidur-weight, polymers. 

Many of the numerous variations of the Dicls-Alder reaction (also called "dieue 
synthesis" in the European literature) oomc close to meeting the ideal requirements for 
a polyxner-formiriK rea.ciion. r riif. j Diels-Aldcr reaclion involves the 1,4 addition of a 
dienuphik (an unsaturated compound, such as an olefin or nu ace(ylenc) to a conjugated 
' die/i^rejsulting in tho. form;diou of a si. \-i numbered riny;. Equations 1 and 2 give a. 
generalised rcpix^enUtbu. 
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